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57) ABSTRACT

A dry etching method for AlxGa;_xN({0=x=1) semi-
conductor is disclosed. The method includes a first
method using plasma of carbon tetrachloride (CCly)
gas, and a second method using plasma of dichlorodiflu-
oromethane (CCl;F2) gas. The etching speed of the
former method was 430 A/min. and the etching speed
of the latter method was 625 A/min. Also, no crystal
defect was produced in the above-mentioned semicon-
ductor by the above-mentioned etching.

4 Claims, 4 Drawing Sheets
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DRY ETCHING METHOD FOR
SEMICONDUCTOR

BACKGROUND OF THE INVENTION 5

The present invention relates to a dry etching method
for AlxGa; -xN(0=x=1) semiconductor.

Conventionally, the Al,Ga;.-.xN({0=x=1) semicon-
ductor has been watched with keen interest as a mate-
rial for light emitting diodes emitting blue light and
light emitting devices emitting light of short wave-
length region, and in manufacturing such devices, it is
required to establish etching techniques such as mesa
etching, recess etching and the like likewise the case of (s
other compound semiconductors.

The AlxGaj_N semiconductor is a substance which
1s very stable chemically, and is insoluble in an acid such
as hydrochloric acid, sulphuric acid, or hydrofluoric
acid or a mixture thereof which is used normally as an
etching fluid for other III-V group compound semicon-
ductors. For this reason, for the etching techniques
relating to the AliGaj;_ N semiconductor, only the
following few methods have been known.

A first method is wet etching using a solution of 25
caustic soda, caustic potash or potassium pyrosulfate
which 1s heated to 800° C. or more. Also, a second
method is electrolytic jet etching using 0.1N solution of
caustic soda Then, a third method is wet etching using
a mixture of phosphoric acid and sulfuric acid with a 30
mixing ratio of 1:2 -1:5 at temperatures of 180° C.-250°
C.

However, the above-mentioned first and second
methods find a difficulty in practical use because of
using a high-temperature corrosive substance. Also, the 3
third method has a problem that the etching speed is
varied greatly by a slight change in temperature. Thus,
none of the above-mentioned methods has been brought
into practical use.

Also, all of the above-mentioned methods employ
wet etching, and therefore deficiencies peculiar to wet
etching such as an occurrence of under cut cannot be
eliminated. |

On the other hand, for the dry etching method relat-
ing to the Al,Gaj_xN semiconductor, there is no
known method at all. Prediction of selecting a gas hav-
ing a desirable reaction characteristic in plasma etching
1s impossible because the reaction mechanism is affected
by the combination and the crystalline structure of
atoms of a compound semiconductor to be etched. Ac-
cordingly, prediction cannot be made on whether or not
an existing reaction gas is effective for etching the Aly.
Gaj—xN semiconductor.

SUMMARY OF THE INVENTION

Accordingly, an object of the present invention is to
provide a dry etching method for the Al,Gaj;_xN semi-
conductor.

Also, another object of the present invention is to
facilitate manufacture of light emitting diodes emitting
blue light by establishing the dry etching method for the
Al,Gaj_ N semiconductor.

Then the present inventors have zealously carried out
experimental studies on the etching speed, the kind of 65
reaction gases to be used and other conditions in plasma
etching of the Al,Gaj..xN semiconductor, and result-
ingly have found the following fact.
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The Al,Ga;-xN(0=x=1) semiconductor is nicely
etched by plasma of carbon tetrachlonde (CCly) gas or
plasma of dichlorodifluoromethane (CClF>) gas.

The above-mentioned plasma etching is performed
normally by employing a parallel-electrode-type appa-
ratus wherein electrodes whereto high-frequency
power is applied are disposed in parallel and objects to
be etched are disposed on the electrode, a cylindrical-
electrode-type apparatus wherein electrodes whereto
high-frequency power is applied are disposed cylindri-
cally and objects to be etched are disposed in parallel to
the cross-section of the cylinder or an apparatus of
other configuration. Also, the plasma state of carbon
tetrachloride (CCl4) gas or dichlorodifluoromethane
(CClF7) gas is generated by applying high-frequency
power between the electrodes in the above-mentioned

parallel-electrode-type apparatus or cylindrical-elec-
trode-type apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a configuration view showing an apparatus
for realizing an etching method of one specific embodi-
ment in accordance with the present invention.

FIG. 2 is a cross-sectional view showing a configura-
tion of a sample to be etched.

FIG. 3 1s a cross-sectional view showing a relation-
ship between the sample to be etched and a mask.

FIG. 4 1s a cross-sectional view of the sample after
etching.

FI1G. 5 1s a graph showing measured values of the
etching speed.

FIG. 6 1s a graph showing a photoluminescence spec-
trum of the sample before etching.

FIG. 7 is a graph showing a photoluminescence spec-
trum of the sample after etching by carbon tetrachloride
(CCly) gas.

FIG. 8 is a graph showing a photoluminescence spec-
trum of another sample before etching.

FIG. 9 1s a graph showing a photoluminescence spec-
trum of the same sample after etching by dichlorodiflu-
oromethane ( CClF>) gas.

DESCRIPTION OF THE INVENTION

Hereinafter, description 1s made on the present inven-
tion based on a specific embodiment.

Semiconductors used in a method of this embodiment
were fabricated in a structure as shown in FIG. 2 by the
metalorganic vapor phase epitaxy method (hereinafter

o referred to as MOVPE).

Gases used in this method are NH3 and carrier gas H»
and trimethylgallium (Ga(CH3)3) (hereinafter referred
to as “TMG”) and trimethylaluminum (AI(CHa3)3)
(hereinafter referred to as “TMA™).

First, a single-crystal sapphire substrate 1 whose main
plane is the C {0001} plane cleaned by organic cleaning
and heat treatment was attached to a susceptor placed in
a reaction chamber of a MOVPE apparatus. Next, the
pressure in the reaction chamber was reduced to 5 Torr,
and the sapphire substrate 1 was vapor-etched at a tem-
perature of 1100° C. in H gas flowing into the reaction
chamber at a flow rate of 0.31/min.

Subsequently, the temperature was reduced to 800°
C., and heat treatment was applied for one minute while
supplied with H; at a flow rate of 31/min., NHjat a flow
rate of 21/min. and TMA at a flow rate of 7 X 10—%mol
/min. An AIN buffer layer 2 was formed in a thickness
of about S00A by this heat treatment.
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Next, after a lapse of one minute, the supply of TMA
was stopped, and the temperature of the sapphire sub-
strate 1 was kept at 1000° C., and H; at a rate of
2.51/min.,NHj at a rate of 1.51/min. and TMG at a rate
of 1.7X 10—%mol/min. were supplied 5 for 60 minutes,

and thereby a GaN layer 3 of about 3um in film thick-
ness was formed.

Next, a mask 4 composed of sapphire was placed on
the top surface of the GaN layer 3 thus formed as
shown in FIG. 3 to make a sample 30, and the exposed
GaN layer 3 was etched by a plasma etching apparatus
of parallel flat plate electrodes type as shown in FIG. 1.

In the parallei-electrode-type (electrode) apparatus as
shown in FIG. 1, an introducing pipe 12 introducing an
etching gas is installed on the side wall of a stainless
steel vacuum vessel 10 forming a reaction chamber 20,
and the introducing tube 12 is connected to a tank 16
storing CCls gas through a mass flow controller 14
capable of varying the gas flow rate. Then, CCly gas is
introduced into the reaction chamber 20 from the tank
16 through the mass flow controller 14.

Also, the reaction chamber 20 is exhausted by a diffu-
sion pump 19, and the degree of vacuum of the reaction
chamber 20 is adjusted by a conductance valve 18 in-
stalled between the reaction chamber 20 and the diffu-
sion pump 19.

On the other hand, an electrode 22 and an electrode
24 which are insulated from the vacuum vessel 10 by
fluoric resin are disposed in the reaction chamber 10 in
a manner of facing each other in the up-down direction.
Then, the electrode 22 is grounded, and the electrode 24
is supplied with high-frequency power. The high-fre-
quency power 1s supplied from a high-frequency power
source 28 of a frequency of 13.56 MHz through 2
matching unit 26.

Also, samples 30 and 32 having a configuration as
shown in FIG. 3 is put on the electrode 24.

Where plasma etching is performed in the apparatus
having such a configuration, first the samples 30 and 32
are put on the electrode 24, and thereafter residual gas
in the reaction chamber 20 is fully exhausted by the
diffusion pump 19, and the degree of vacuum of the
reaction chamber 20 is reduced to 5X 10—6Torr. There-
after, CCl4 gas was introduced into the reaction cham-
ber 20 while controlled at a flow rate of 10cc/min. by
the mass flow controller 14, and the degree of vacuum
of the reaction chamber 20 was adjusted accurately to
0.04 Torr by the conductance valve 18. Then, when
high-frequency power of 200W (0.4W/cm?) was sup-

plied, glow discharge was started between the elec-:

trodes, and the introduced CClsy gas was put in the
plasma state, and etching of the samples 30 and 32 was
started.

As a result of etching for a predetermined time, the
sample 30 was etched in a structure as shown in FIG. 4.
This means that the portion of the GaN layer 3 covered

with the mask 4 is not etched, and only the exposed

GaN layer 3 was etched in a shape as illustrated.

Etching was performed likewise by varying the etch-
ing time, and a step difference A produced by etching
was measured using a step difference meter, and a rela-
tionship to the etching time was measured. A straight
line B in FIG. § shows the result thereof. From the
result of the measurement, the etching speed was
430A /min.

For the purpose of comparison, etching was per-
formed under similar conditions by changing the etch-
ing gas to CF4, and the etching speed was measured,
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and resultingly a charactenistic as shown by a straight
line C in FIG. S was obtained, and the etching speed by
CF4 gas was 170A/min.

Accordingly, it was found that the etching speed of
the dry etching using CCly gas 1s about 2.5 times that of

the case with CFa.
Also, the samples were cooled to 4.2K before and

after the above-mentioned etching, and the intensity of
photoluminescence was measured by irradiating helium
cadmium laser with a wavelength of 3250A. FIG. 6 and
FI1G. 7 show the result thereof. FIG. 6 shows a photolu-
minescence spectrum before etching, and FIG. 7 shows
a photoluminescence spectrum after etching. No
change was found in the peak intensity, the peak wave-
length and the half value width in the photolumines-
cence spectra.

This revealed that the crystalline property of the
GaN layer 3 is not changed by the above-mentioned
etching.

Also, 1t was found that the under AIN layer is etched
by sufficiently performing this etching, and this is appli-
cable also to etching of Al Gaj_.xN. |

In addition, in the above-mentioned embodiment, the
substrate whose main plane is the C plane was used, but
a substrate whose main plane is oriented to another
crystal direction can also be used without limiting to
this substrate.

Next, description is made on another embodiment.

The manufacturing method and structure of the sam-
ples 30 and 32 are the same as the case of the above-
described first embodiment. Also, the apparatus in FIG.
1 was used also for the etching apparatus, and only
difference is that the reaction gas is CClyF; gas. This
means that CClyF> gas is stored in the tank 16, and this
CClF; gas is introduced into the reaction chamber 20
through the mass flow controller 14.

Furthermore, the other etching processes and etching
conditions are quite the same as those of the first em-
bodiment. This means that etching was performed by
the following processes and conditions. The samples 30
and 32 are placed on the electrode 24, and thereafter
residual gas in the reaction chamber 20 is exhausted
sufficiently by the diffusion pump 19, and the degree of
vacuum of the reaction chamber 20 is reduced to
5% 10—6Torr. Thereafter, CCl,F; gas is introduced into
the reaction chamber 20 while controlled at a flow rate
of 10cc/min. by the mass flow controller 14, and the
degree of vacuum of the reaction chamber 20 is ad-

justed accurately to 0.04 Torr by the conductance valve

18. Then, when high-frequency power of 200W
(0.4W/cm?) is supplied between the electrode 24 and
the electrode 22, glow discharge is started between the
electrodes, and the introduced CCl,F; gas is put in the
plasma state, and etching of the samples 30 and 32 is
started.

As a resuit of etching for a predetermined time, the
sample 30 was etched in a structure as shown in FIG. 4.
This means that the portion of the GaN layer 3 covered
with the mask 4 was not etched, and only the exposed
GaN layer 3 was etched in a shape as illustrated.

Etching was performed likewise by varying the etch-
Ing time, and the step difference A produced by etching
was measured using the step difference meter and a
relationship to the etching time was obtained The result
thereof 1s shown by a straight line A in FIG. 5.

The result of t?e measurement revealed that the etch-
ing speed 1s 625A/min.
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Accordingly, it was found that the etching speed of
the dry etching using CCl,F; gas is about 1.5 times that
of the case with CCly gas and about 3.7 times that of the
case with CF4 gas.

Also, the samples were cooled to 4.2K before and
after the above-mentioned etching, and the intensity of
photoluminescence was measured likewise the case of

the first embodiment by irradiating helium cadmium
~ laser with a wavelength of 3250A, and the measurement
resulted in characteristics as shown in FIG. 8 and FIG.
9. F1G. 8 shows a photoluminescence spectrum before
etching and F1G. 9 shows a photoluminescence spectra
after etching.

- In those photoluminescence spectra, like the first

embodiment, no change was found in the peak intensity,
the peak wavelength and the half value width. This
revealed that the crystalline property of the GaN layer
3 is not changed by the above-mentioned etching

Also, it was found that the under AIN layer 1s etched
by sufficiently performing this etching, and this is appli-
cable also to etching of Al,Gaj..xN. |

Also, in the etching by carbon tetrachloride (CClyg)
gas etching was performed nicely in ranges of 5-30cc/-
min. of flow rate, 0.02-0.2 Torr of vacuum degree, and
0.1-0.5W/cm? of high-frequency power, and in the
etching by dichlorodifluoromethane (CCl,F»>) gas, etch-
ing was performed nicely in ranges of 5-30cc/min of
flow rate, 0.02-0.1 Torr of vacuum degree, and
0.1-0.5W/cm? of high-frequency power. As mentioned
above, the Al,Gaj;_N(0=x=1) semiconductor was
‘able to be etched efficiently without producing any
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6

crystal defect by plasma of carbon tetrachloride (CCla)
gas or dichlorodifluoromethane (CClF>,) gas.
Accordingly, in manufacturing devices, IC and the
like using the Al,Ga;_xN(O=x=1) semiconductor, by
employing the present invention, the productivity
thereof can be greatly improved.
What 1s claimed is:
1. A dry etching method for Al,Ga;_xN(0=X=1)
semiconductors comprising:
introducing carbon tetrachloride (CCly) etching gas
into a reaction chamber under vacuum;
applying high-frequency power to produce plasma of
said carbon tetrachloride gas; and
etching said Al,Ga;_xN(O=x=1) semiconductor
with said plasma.
2. A dry etching method in accordance with claim 1,
wherein the flow rate of said etching gas 1s 5-30cc/-
min., the degree of vacuum is 0.02-0.2 Torr and
said high-frequency power is 0.1-0.5W/cmZ.
3. A dry etching method for Al:Ga; _xNO0=X=1)
semiconductors comprising; |
mntroducing dichlorodifluoromethane (CCl;F») etch-
ing gas into a reaction chamber under vacuum;
applying high-frequency power to produce plasma of
satd dichlorodifluoromethane gas; and
etching said AlxGa)_xN(0=x=1) semiconductor
with said plasma.
4. A dry etching method in accordance with claim 3,
wherein the flow rate of said etching gas is 5-30cc/-
min., the degree of vacuum is 0.02-0.1 Torr, and
said high-frequency power is 0.1-0.5W/cm?.
x

* x *
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